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Abstract
In most countries, weather and seasonal climate forecasts are available through national meteorological services (NMSs). However,
uptake of NMS forecasts in remote Pacific communities can be limited, particularly those relating to expected impacts. To address
this, NMSs need a clearer understanding of the types of information local communities currently use and how this information is
received, to enable them to modify their products and their delivery to better meet community needs. Structured community
interviews across four Pacific countries (Niue, Solomon Islands, Tonga and Vanuatu) were undertaken by NMSs and their in-
country partners. These interviews highlighted that remote communities mainly relied on weather and climate forecasts based on
traditional knowledge (TK) alone or in combination with contemporary (NMS) forecasts. Many who had access to both forecasts
systems indicated that they only sourced contemporary forecasts in the lead up to and during extreme events, particularly cyclones, to
assist their decision-making. Recent extreme events in the Pacific have shown that self-reliant communities, with knowledge of
traditional ways of forecasting, and responding to climate extremes, experience several benefits including reduced social-economic
disruption and lower than expected death rates, particularlywhen combinedwith contemporarywarnings. Therefore, there is a need to
better understand the role of local traditional knowledge-based forecasts and for NMSs to work towards improving the content and
communication of their forecasts to enable communities to take advantage of all available forecast information. For effective risk
reduction, warnings and responses should therefore complement contemporary forecasts, rather than replace, TK-based forecasts.
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Introduction
Globally, remote communities are facing increased exposure
to extreme weather events, and this is expected to add addi-
tional pressure on those already exposed to significant
climate-related hazards and risks, including small island de-
veloping states in the Pacific (Nurse et al. 2014; Plotz and
Chambers 2017; Malsale et al. 2018). By closely observing
their local environment over many generations, local commu-
nities across the world have developed skills that increase their
resilience to extreme weather and climate events, including
tropical cyclones, floods and drought (Lefale 2010; Chand
et al. 2014; Masinde 2015; Handmer and Iveson 2017; Plotz
et al. 2017).
Traditional knowledge, also known as indigenous knowl-
edge, is used here to refer to knowledge held by both indige-
nous and nonindigenous peoples living on the land; this
knowledge can evolve over time (Malsale et al. 2018).
Traditional weather and climate knowledge encompass a
range of time scales, e.g. screeching kingfishers signifying
imminent rain (Muse and Muse 1982) to abundant flowering
of fruit trees indicating an active cyclone season (Chand et al.
2014). However, there are concerns over the loss of this
knowledge, in part, through rapid urbanisation and an empha-
sis on western science and a reported changing reliability and
loss of traditional indicators (Brahy 2006; King et al. 2008;
Masinde 2015; Plotz et al. 2017).
In most countries, weather and seasonal climate forecasts
are available through national meteorological services
(NMSs). Although NMS forecasts are regularly produced,
uptake of these contemporary forecasts and warnings is often
limited in remote communities, with reasons for this including
limited access, incomplete understanding or mistrust of fore-
casts, or because forecasts are not seen as location-specific by
the communities (Lemos and Dilling 2007; Gilles and
Valdivia 2009; Zuma-Netshiukhwi et al. 2013; Masinde
2015; Chengula and Nyambo 2017; Plotz et al. 2017).
For NMSs, to provide relevant and timely meteorological
information to the communities they serve, they need a clearer
understanding of the types of information local communities
currently use, barriers to its use and how this information is
received. Understanding these aspects will enable the NMSs
to modify their products and communications to ensure that
communities are well positioned to respond to climate vari-
ability and change. To this end, data collected by Pacific
NMSs and their in-country partners was used to identify what
types of forecasts are used by communities and the commu-
nication media used to obtain them. This information was
used to explore similarities and differences between multiple
communities in four countries with differing cultural back-
grounds, geographies and governance systems (Malsale
et al. 2018). Given the remoteness and strong cultural heritage
of many communities, the emphasis was placed on the usage
of traditional versus contemporary forecast systems.
Obtaining a better understanding on the usage and sources
of weather and climate forecasts by Pacific Island communi-
ties was part of a wider project in the Pacific aiming to in-
crease resilience to natural hazards (Chand et al. 2014;
Chambers et al. 2017; Plotz et al. 2017; Malsale et al. 2018).
This included the documentation of methods of traditional
knowledge (TK) forecasting specifically related to weather
and climate; determining how geographically widespread this
knowledge was applied; if these forecasts had been impacted
by environmental change (climate or land-use); development
of ways to incorporate TK forecasts into routine NMS forecast
products and producing improved climate communication
products for local communities. Individual projects were led
by the NMSs in four Pacific countries: Niue, Solomon Islands,
Tonga and Vanuatu, with support provided under the Climate
and Oceans Support Program in the Pacific, administered
through the Australian Bureau of Meteorology and funded
by the Department of Foreign Affairs and Trade.
In this study, we do not distinguish between weather and
climate forecasts, rather we are concerned with the availability
and use of forecasts from two main sources: contemporary
(from the NMS) versus those based on traditional knowledge.
Methods
Each NMS identified primarily rural communities to interview
on traditional weather and climate forecasting based on recom-
mendations from in-country project partners. In Vanuatu, for
example the communities were recommended by the Vanuatu
Cultural Centre, the national institution responsible for the pres-
ervation, protection and promotion of the various aspects of
culture within Vanuatu. A standardised interview form was de-
veloped and used by members of the NMS and their in-country
partners, including representatives from the cultural centres
(Chambers et al. 2017). Interviews were conducted from 2012
to 2017, with the form first trialled on Tanna Island, Vanuatu in
2012. All community consultations were guided by relevant
protocols and partnerships specific to the communities, includ-
ing obtaining permission to work within the communities
(Malsale et al. 2018). Interviews were undertaken in local lan-
guage by the NMSs and their in-country partners (e.g. Seuseu
et al. 2013). The processes, including governance, surrounding
this are described in Malsale et al. (2018) but importantly
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included prior informed consent and respect of cultural prac-
tices and information. For example, community meetings were
held in Vanuatu and the Solomon Islands to brief communities
on the project purpose, their role and expected community ben-
efits before any interviews were conducted. Individuals were
given the option to participate in the interviews. Additional TK
holders (experts) were identified through recommendations
from these participants. Although an effort was made to inter-
view a variety of age groups, with a focus on those over 50, and
to get equal gender representation, this was not always achiev-
able due to cultural protocols and other issues (see “Discussion”
for further details).
While this study was concerned with forecast usage and
sources, details on how TK forecasts are made was not part of
the current study and, to respect cultural sensitivities, was not
released to the authors, this information being retained securely
within the respective countries. The information used in this
analysis was based on a subset of the interview form
(Supplementary Figs. S1 and S2) with responses de-identified,
with names and addresses and traditional weather and climate
knowledge narratives removed prior to compilation for analysis,
i.e. the data was linked only to location, age category and gender.
NMSs and their partners conducted 254 interviews: 41 in
Niue, 63 in the Solomon Islands, 36 in Tonga and 114 in
Vanuatu (Table 1). However, only a subset of these interviews
had complete forecast usage information, including the inter-
viewee’s age and gender, and these were used in subsequent
analyses. NMSs in all countries travelled to as many remote
communities as resources allowed (Table 1; Supplementary
Table S1).
Results
The use of only contemporary NMS forecasts by communities
was relatively small but similar across all countries surveyed
(4.9% Niue, 4.7% Solomon Islands, 3.3%Vanuatu and 14.0%
Tonga; Table 1). In contrast, sole reliance on TK forecasts
differed between the countries, being highest in Vanuatu
(43.3% compared to 17.5% in the Solomon Islands, 12.2%
in Niue and 2.8% in Tonga). In all countries, a high proportion
of community members indicated that they used both TK-
based and contemporary forecasts (70% overall, 53%
Vanuatu, 78% Solomon Islands, 82% Niue, 83% Tonga) to
assist them in planning for weather and climate events.
However, in the Tafea Province (Tanna Island) of Vanuatu,
locals commented that contemporary forecasts were generally
sought only when extreme events, such as cyclones or
flooding, were expected.
The age breakdown of individuals interviewed varied be-
tween countries with the highest proportion of interviewees
over 70 years of age in Niue (56% compared to 41% in the
Solomon Islands, 39% in Tonga and 12% in Vanuatu;
Table 1). However, in all countries but Tonga, individuals in
this oldest age bracket relied on either TK only or on a com-
bination of TK and contemporary forecasts, i.e. no individuals
used only contemporary forecasts. In Tonga, 2 of 14 individ-
uals over 70 relied solely on contemporary forecasts. The
highest proportion of users of only NMSs forecasts were in
the youngest age bracket (31–50 years of age).
Although an effort was made by the NMSs and their partners
to interview both males and females, overall there was a bias
towards more males being interviewed (75%; Table 1). This
was particularly noticeable in Vanuatu (90% of participants).
When receiving forecasts from outside sources, e.g. from the
NMSs, this was predominantly via radio (100% of those in
Tonga, 93% in Solomon Islands, 74% in Vanuatu, 68% Niue),
with other sources mentioned as newspapers (7%) and via other
people (including text messages, which accounted for 18% in
Vanuatu). No participants in either the Solomon Islands or
Vanuatu identified television or the Internet as a source of weath-
er or climate forecasts, mostly likely due to local unavailability of
these services. Whereas for Niue and Tonga, television (social
media/Internet) used 73% (7%) and 25% (5%) of the time, re-
spectively, to access forecast information.
Discussion and conclusion
Communities in the Pacific mainly relied on traditional weath-
er and climate forecasts alone or in combination with NMS
forecasts. Many who had access to both forecast systems in-
dicated a preference for using TK-based forecasts except lead-
ing up to and during extreme weather events, particularly cy-
clones. During these times, they sourced additional informa-
tion from the contemporary forecast systems to assist them in
their decision-making, this behaviour was also observed in
Fiji by Nalau et al. (2017).
Lower reliance on contemporary forecast products within
the Pacific is likely, in part, related to ease of access and an
uncomplete understanding of the information. For the more
remote communities, communication media are limited, many
relying on word-of-mouth, including phone calls or texts from
family and friends in other locations and community networks,
such as churches, area councils and men and women’s groups
(Noske-Turner et al. 2014). Communication mechanisms for
forecast dissemination can be unreliable, with radio reception
and mobile telephone reception being problematic in the outer
islands and some rural areas (VMGD 2012; Noske-Turner et al.
2014; Handmer and Iveson 2017). This has also been reported
elsewhere, including rural India (Lobo et al. 2017) and
Tanzania (Chengula andNyambo 2017). Spokenmedium, such
as radio, may be preferred by community members over tele-
vision or newspapers, particularly as the main mechanism for
teaching and learning is often oral (Lefale 2010; Walshe and
Nunn 2012; Janif 2014). Similar results have been found for
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Table 1 Summary of the information collected according to the
province and source of forecast information. Forecast usage does not
always add up to number interviewed as some participants failed to
answer this question. Forecast usage: TK, traditional knowledge
forecast only; Met, only use contemporary forecasts from the
meteorological service; Both, a mix of TK and Met forecasts; None, did
not seek either contemporary or TK forecasts
Country Province Number
interviewed
Forecast
usage
Age category
31–50
Age category
51–70
Age category
> 70
Age category
unknown
Male Female
Niue – 41 TK 1 1 3 0 4 1
Met 0 2 0 0 0 2
Both 2 12 18 0 16 16
None 0 0 2 0 1 1
Total Niue: 41 3 15 23 0 21 20
TK 5
Met 2
Both 32
Solomon Islands Guadalcanal 3 TK 0 0 0 0 0 0
Met 0 0 0 0 0 0
Both 3 0 0 0 1 2
Central 30 TK 0 2 5 0 5 2
Met 0 0 0 0 0 0
Both 1 4 18 0 16 7
Makira 1 TK 0 0 0 0 0 0
Met 0 0 0 0 0 0
Both 1 0 0 0 1 0
Malaita 25 TK 2 1 0 1 2 2
Met 2 1 0 0 2 1
Both 6 6 3 3 11 7
Western
Province
1 TK 0 0 0 0 0 0
Met 0 0 0 0 0 0
Both 1 0 0 0 1 0
Unknown 3 TK 0 0 0 0 – –
Met 0 0 0 0 – –
Both 0 0 0 3 – –
Total
Solomon:
63 16 14 26 7 39 21
TK 11
Met 3
Both 49
Tonga Tongatapu 22 TK 0 0 1 0 1 0
Met 1 0 0 0 0 1
Both 3 12 4 0 15 4
None 0 1 0 0 0 1
Ha’apai 5 TK 0 0 0 0 0 0
Met 0 0 0 0 0 0
Both 1 1 2 0 3 1
Niua 7 TK 0 0 0 0 0 0
Met 0 0 1 0 1 0
Both 0 1 5 0 6 0
Vava’u 3 TK 0 0 0 0 0 0
Met 1 1 1 0 3 0
Both 0 0 0 0 0 0
Total Tonga: 36 6 16 14 0 29 8
TK 1
Met 5
Both 30
Vanuatu Torba 24 TK 6 6 3 1 14 2
Met 0 0 0 0 0 0
Both 6 2 0 0 8 0
Sanma 3 TK
Met
Both
Penama 14 TK 1 0 0 0 0 1
Met 1 1 0 0 2 0
Both 0 4 3 0 6 1
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rural communities elsewhere (e.g. Zimbabwe, Patt et al. 2005;
Tanzania, Mahoo et al. 2013; Chengula and Nyambo 2017;
India, Tall et al. 2014; sub-Saharan Africa, Masinde 2015).
However, more people now have access to mobile phones than
radios in many Pacific Islands (Noske-Turner et al. 2014). In
Samoa, mobile phone coverage is around 90% and high literacy
rates mean text messages may be an effective way of warning
about extreme events (SPREP 2016b). However, similar net-
work coverage in Vanuatu may not translate to similar effec-
tiveness due, in part, to lower phone ownership rates, although
the information from the text-based warnings may reach a large
proportion of the population through informal networks
(Handmer and Iveson 2017). In Niue, mobile phone penetration
is lower, but free public Wi-Fi results in Internet access rates
being considerably higher than many other Pacific countries
(Noske-Turner et al. 2014). Preferred approaches to accessing
information also differ generationally, with older generations
less likely to hear about warnings via social media or the
Internet (Noske-Turner et al. 2014). Hence, the mechanisms
of the forecast of delivery often determine whether it is received
and utilised. This includes consideration of using language and
context that are familiar to the intended audience, increasing the
likelihood that the message is understood (Walshe and Nunn
2012; Mahoo et al. 2013; Janif 2014; Jiri et al. 2016).
However, having access to contemporary forecast prod-
ucts is no guarantee that they will be accepted and used. For
example, in the southwestern highlands of Tanzania aware-
ness of contemporary climate forecasts is high (96%) but
this did not translate into a similar level of usage, with only
58% using the forecasts for planning agricultural activities
(Chang’a et al. 2010; 40% used contemporary forecasts in
Chengula and Nyambo 2017). This difference has been
explained by NMS forecasts being either inherently
mistrusted, having a perceived lack of forecast skill, being
difficult to understand or they felt that the reliability of their
TK-based forecasts was sufficient and no further forecast
information was required (e.g. Patt et al. 2005; Ouma
2009; Masinde 2015; SPREP 2016a). Hence, contemporary
forecasts may play a greater role for these communities in
complementing, rather than replacing, TK-based forecasts
(Luseno et al. 2002; Mercer et al. 2007; Mahoo et al. 2013;
Chengula and Nyambo 2017; Plotz et al. 2017; Plotz and
Chambers 2017). Using a participatory approach to forecast
generation and communication, where community mem-
bers become agents not just consumers, can help build the
forecast credibility and salience, and is likely to lead to
greater usage (Patt et al. 2005; Jiri et al. 2016; Plotz et al.
2017). An example of how this has worked in practice is the
successful generation of the joint (NMS and traditional
knowledge expert) seasonal outlooks in Africa (Mahoo
et al. 2013; Ouma et al. 2015; Malsale et al. 2018).
Knowledge and usage of TK for weather and climate
forecasting is also expected to differ by location and by
age. In southwestern Viti Levu and Vatulele, Fiji, fewer than
50% of the people interviewed had knowledge of traditional
indicators, with many of the stories relating to signs of ex-
treme weather events, such as cyclones (Janif 2014). Usage,
and hence awareness, of TK was much higher in the
Melanesian countries, Vanuatu and the Solomon Islands
(> 94%; this study), than in Polynesia (Niue and Tonga).
Locational differences in the reliance of rural communities
on TK for weather and climate forecasting have been ob-
served elsewhere, e.g. Africa, southern Ethiopia and north-
ern Kenya; but, as was seen in this study, all sites had amuch
Table 1 (continued)
Country Province Number
interviewed
Forecast
usage
Age category
31–50
Age category
51–70
Age category
> 70
Age category
unknown
Male Female
Malampa 15 TK 0 1 0 0 1 0
Met 0 0 0 0 0 0
Both 0 11 3 0 12 2
Shefa 3 TK 0 0 0 0 0 0
Met 0 0 0 0 0 0
Both 1 0 0 0 1 0
Tafea 48 TK 3 14 2 2 18 3
Met 1 0 0 0 1 0
Both 12 6 0 0 18 0
Unknown 7
Total
Vanuatu:
114 31 45 11 3 81 9
TK 39
Met 3
Both 48
Total Respondents: 254 56 90 74 10 170 58
TK 56
Met 13
Both 159
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higher usage of TK compared to contemporary forecast in-
formation (Luseno et al. 2002). These geographic differ-
ences may be influenced by the remoteness of the villages
surveyed, the intactness of their traditional cultural prac-
tices, the processes used to identify whom to interview,
etc. For example, very few individuals we interviewed re-
sided in capital cities or major towns potentially influencing
their awareness of and ability to access contemporary fore-
casts. TK is often used more by older generations (this
study; King et al. 2008; Janif et al. 2016; Handmer and
Iveson 2017). For younger generations, contemporary sci-
entific knowledge is starting to replace TK practices and this
can produce tension in some villages (Janif et al. 2016).
There is a concern that this loss of TK has the potential to
reduce resilience to impending natural disasters (Mercer
et al. 2007; Janif 2014; Handmer and Iveson 2017). This
may, at least partly, be overcome by wider recognition of
the value of TK, e.g. government or NGO, which could
potentially re-engage younger generations (Janif et al.
2016; Malsale et al. 2018).
In ni-Vanuatu society, people with the highest status, who
are generally older males, hold the greatest amount of TK,
as well as influencing who and how it can be assessed
(Walshe and Nunn 2012). Chiefs, and community meetings,
directed who should be approached to share their TK and
this resulted in more males being interviewed. The Vanuatu
project team consisted mainly of males, due to in-country
protocols when travelling to many of the remote communi-
ties. This potentially skewed the gender balance of those
interviewed, as did the village allocation of duties resulting
in females generally being too busy to be disturbed for
interviews.
Recent extreme events in the Pacific have shown that self-
reliant communities, with knowledge of traditional ways of
forecasting and responding to extreme events, experienced
fewer negative impacts, including lower socioeconomic im-
pacts and death tolls, particularly when combined with reli-
able, timely and informative contemporary warnings (Walshe
and Nunn 2012; Janif et al. 2016; Handmer and Iveson 2017).
For many Pacific communities, traditional forecast knowledge
remains widely used, particularly amongst the older genera-
tions, and this information may be used in conjunction with
contemporary forecasts and warnings, particularly in periods
surrounding extreme events. This study highlights the need to
better understand local community forecast usage, including
barriers and preferences for receiving forecasts, and that effec-
tive risk reduction, warnings and responses should consider
both TK and contemporary systems. Doing so can lead to
wider recognition and resurgence in the use of relevant TK.
Government agencies, such as NMSs, by incorporating and
acknowledging this information, will be better placed to dis-
seminate messages using appropriate media, language and
cultural considerations.
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